strain USDA 110 or USDA 138 rather than by indigenous serogroup 123 strains, significant increases in seed yield were obtained. These reports support the contention that the displacement of serocluster 123 strains in favor of more effective B. japonicum strains should result in increased soybean productivity.
Results from several studies indicate that between 50 and 90% of the nodules formed by soybeans grown in the northern midwest United States are occupied by strains of Bradyrhizobiumjaponicum that belong to serocluster 123 (8, 10, 12, 13, 16, 22) . The use of the term serocluster 123 was suggested by Schmidt et al. (20) to describe the serological relationship between strains in serogroups 123, 127 , and 129. Date and Decker (9) indicated that serotype strain USDA 123 possesses somatic antigens in common with both serotype strains USDA 127 and USDA 129. Strains USDA 127 and USDA 129 do not share major somatic antigens. Thus, antisera raised against USDA 123 will cross-react with cells of USDA 127 and USDA 129, whereas antisera to USDA 127 will only cross-react with cells of USDA 123 and antisera to USDA 129 will only cross-react with cells of USDA 123.
The high recovery of serocluster 123 strains from fieldgrown soybeans is apparently the result of the exceptional competitiveness for nodulation of this group of organisms. Ellis et al. (10) and Moawad et al. (17) documented the unique ability of indigenous serocluster 123 strains to form a large proportion of nodules even when equal populations of an inoculum strain were present in the soybean rhizosphere. In addition to their competitiveness, strains of serocluster 123 are purported to be relatively ineffective for N2 fixation.
Three different reports (2, 3, 11) indicated that when soybeans were grown in soybean rhizobium-free soil and inoculated with the serotype strain USDA 123, yields were inferior to those obtained with inoculant-quality strains. Similarly, Kvien et al. (15) indicated that whenever 50% or more of the nodules formed were occupied by inoculum * Corresponding author. strain USDA 110 or USDA 138 rather than by indigenous serogroup 123 strains, significant increases in seed yield were obtained. These reports support the contention that the displacement of serocluster 123 strains in favor of more effective B. japonicum strains should result in increased soybean productivity.
One approach for increasing nodulation by desirable strains is by the use of soybean genotypes on which nodulation by serocluster 123 is eliminated or substantially reduced. Reduced nodulation by this highly competitive group of organisms should allow nodulation by other strains and might provide a means of significantly increasing the nodule occupancy of an inoculum strain. To achieve this goal, we identified soybean genotypes that are nodulated poorly with strain USDA 123 (4 to less than 100% were the result of occupancy by native soybean-nodulating bacteria in the soil. In no instance did nodules formed on the uninoculated controls react with the antisera used in this experiment.
b Means within a column not followed by the same letter are different at the 5% level of probability.
control (Table 2) . Thus, while the soil mixture was not free of soybean-nodulating bacteria, the population was well below that necessary for normal nodulation. 
DISCUSSION
We have identified soybean genotypes that effectively restrict the nodulation of the three serotype strains that define serocluster 123. PI 377578 restricts the nodulation of USDA 123 and USDA 127, and PI 417566 restricts the nodulation of USDA 129. In addition to restricting the nodulation of specific serotype strains, the soybean genotypes correspondingly reduce the competitiveness of these strains in favor of the inoculant-quality strain CB1809. The two soybean genotypes also alter the competitiveness between the three serocluster 123 strains when compared with the standard North American soybean cultivar Williams. Our data clearly show a close positive relationship between restricted nodulation and reduced competitiveness. Without exception, when a host genotype restricted the nodulation of a Strain nodule occupancies for a given genotype which add up to greater than 100% were the result of doubly occupied nodules. Occupancies which add up to less than 100% were the result of occupancy by native soybean-nodulating bacteria in the soil. In no instance did nodules formed on the uninoculated controls react with the antisera used in this experiment.
APPL. ENVIRON. MICROBIOL.
SOYBEAN HOST CONTROL OF BRADYRHIZOBIAL COMPETITION a strain, the competitiveness of that strain was also severely reduced. The very large effect of plant genotype upon competition for nodulation among strains of B. japonicum indicates that the soybean host must be carefully defined in studies whose objective is the assay of bradyrhizobial competition. One aspect of the data presented here is the possible occurrence of the phenomenon whereby a strain whose nodulation is restricted by a particular host genotype functions to block nodulation by another strain that would, by itself, nodulate normally. Daitloff and Brockwell (7) reported this type of soybean-bradyrhizobium interaction in the case of cultivar Hardee, which restricts the nodulation of strain CB1809. When inoculated with other strains on Hardee, CB1809 tended to block the nodulation of the competing strain. Our data suggest that in instances in which a host genotype restricted the nodulation of a strain in the single-strain inoculation treatments (PI 377578 with USDA 123 and USDA 127; PI 417566 with USDA 129), nodulation in the dual-strain competition treatments was often reduced in relation to Williams (Table 3) . This was particularly true in the USDA 123-versus-CB1809 and the USDA 127-versus-CB1809 competition treatments, in which the nodulation of PI 377578 was only about one-third that of Williams. Likewise, in the USDA 129-versus-CB1809 competition treatment, the nodulation of PI 417566 was about one-half that of Williams. Furthermore, the strain effecting the blocking, as well as the strain whose nodulation was blocked, apparently affected the degree of nodulation blocking. This was evident from the facts that the nodulation of CB1809 on PI 377578 was blocked by USDA 123 and USDA 127 (Table 3) but that these two strains appeared to demonstrate less nodulation blocking when coinoculated with USDA 129 (Table 4) . Similarly, on PI 417566, USDA 129 blocked the nodulation of CB1809 but not USDA 123. We have not previously noted the phenomenon of nodulation blocking with the soybean genotypes and serocluster 123 strains with which we have been working. Studies have been initiated to further define the conditions associated with nodulation blocking.
Our data demonstrate that host control of competitiveness is quite specific and that the soybean plant can effectively discriminate between B. japonicum strains that are serologically related. Because soybean genotype PI 377578 (and a similar genotype, PI 371607) tended to restrict only the nodulation of B. japonicum strains classified as serogroup 123 (14) , we had previously suggested that there was a relationship between restricted nodulation and serological classification (18) . However, the results of the current work indicate that there is a more complex relationship between serology and restricted nodulation. Keyser and Cregan (14) reported that of five serogroup 127 field isolates tested, the nodulation of none was restricted by PI 377578 or PI 371607. Clearly, the restricted nodulation and reduced competitiveness of USDA 127 on PI 377578 reported here indicate that USDA 127 reacts differently than the five serogroup 127 strains mentioned above. The interaction of PI 417566 with isolates of serogroup 127 is also inconsistent. This genotype does not restrict the nodulation of USDA 127 but does restrict the nodulation of isolate MN1-lc, which belongs to serogroup 127 (6) . These findings suggest the necessity to further define the possible relationship between the serological classification of B. japonicum and the ability of a strain to nodulate a particular soybean genotype.
